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Tables:

 Table S1. Measurements of SCA, CAH and sliding angle toward water, glycerol and n-

Hexadecane on SCWO coatings fabricated by 20-sec deposition duration under the APP system.

      
Number Liquid S𝑢𝑟𝑓𝑎𝑐𝑒 𝑡𝑒𝑛𝑠𝑖𝑜𝑛

(dyn/cm) 

SCA ( )a)° CAH
( )( )𝜃𝑎𝑑𝑣/𝜃𝑟𝑒𝑑 ° Sliding 

Angle ( )°

1 DI water 72.8 162.9 2.6±  2 (161/159)  1

2 Glycerol 64 162.1 0.9± 17 (160/144)   1.8

3 Ethylene 
Glycol 47.3 148.5 2.2 ±    21 (154/133)   > 40

4 n-Hexadecane 27.5 130.3 0.4±    99 (129/ 30) --

a) Due to the superior anti-wettability of the synthesized SCWO coating, the liquid drops of water 

and glycerol could not attach on the surface even when the liquid volume was increased to ~ 10 . 𝜇𝐿

Hence, the SCA of water and glycerol were measured from the pendant drops which was just 

contact the surface of the substrate (i.e. the dispense tip was still in the drop).
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Table S 2. Comparison of the experimental contact time of a water bouncing drop for the present 

work and past studies.

      
Reference Year Radius of 

droplet (mm)
Total contact 

time (ms)
Dimensionle
ss time (tc/  )𝜏

Ref. [1]1 2008 1  16  4

Ref. [2]2 2008 1.35 23  4

Ref. [3]3 2009 1 12.5  3

Ref. [4]4 2010 1.5 20 2.9

Ref. [5]5 2012 0.022 0.032 2.6

Ref. [6]6 2013 1.3 7.8          2.2

Present work 2015 1.2 9.76            2



4

Table S 3. Summary of the position, height, corresponding time, calculated potential energy and 

energy dissipation for each half cycle comparing to the original position of water droplet on 

SCWO-coated PET film.

       

Number

Position-X

(mm)a)

Height-Y

(mm)

Time

(ms)

Potential 

Energy

(Joules) b)

Energy Dissipation

(%) c)

1 10.2 6 0 4.6 10-7× --

2 -8.5 4.8 160.5 3.7 10-7× -19.3

3 7.8 4.6 266.5 3.5 10-7× -5.4

4 -6.5 3.7 374.5 2.8 10-7× -18.4

5 6.1 3.3 480.5 2.5 10-7× -11.3

6 -4.9 2.6 570.5 2.0 10-7× -20.6

7 4.1 2.3 665.0 1.7 10-7× -14.0

8 -2.4 1.5 762.0 1.1 10-7× -34.9

9 1.8 1.4 852.0 1.0 10-7× -7.1

10 -0.8 1.2 926.5 8.8 10-8× -15.4

11 0.5 1.1 1039.0 8.2 10-8× -6.8

a) By setting the lowest point of U-shape PET film as the origin of coordinate, the Position-X is the 

projection of the water droplet on the X coordinate; b) The potential energy was calculated as 

U mgh, where m is the mass of droplet (~ 7.8 g for 7.7  of water). g is the acceleration of = × 10 ‒ 6 𝜇𝐿

gravity. h is defined as the height measured from the trajectory of water droplet; c) The calculated 

energy dissipation of each half cycle, in average, was 15.32%, and the standard deviation was 

8.76%.
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Table S 4. The testing conditions for sand abrasion and the corresponding sliding angles for the 

tested samples.

Number Impinged 

height (cm)

Test duration

(s)

SCA ( )° Sliding angle ( )°

1 30 30 160.0  2.0± < 5

2 30 50 145.7  1.8± > 45

3 60 30 148.5   2.0± > 45

4 60 50 137.9  1.5± Droplet pinning

        5         60            100 130.1  2.1±       Droplet pinning



6

Figures:

Fig. S 1 The contact angle measurement of the SCWO-coated silicon substrates before and after the 

water stream test. 
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Fig. S 2. AFM images of the stalagmite-like protrusions fabricated under the APP system for (a) 9 

sec, (b) 13 sec, (c) 16 sec, (d) 20 sec. All the samples were modified with FAS after APP treatment. 

(e) The corresponding values of Rq characterized by AFM.
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Fig. S 3. XPS spectra for the FAS-coated, Ar/O2 plasma treated and well-cleaned samples.
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Fig. S 4. (a) Optical electron spectra for three different reaction atmospheres (Ar, Ar+O2 and 

Ar+N2). Most the characteristics peaks of excited argon ions were detected within 700 to 850 nm. 

The peaks observed within 400 to 500 nm were mainly detected from the tungsten ions. (b) The 

three characteristic peaks corresponding to the tungsten atomic lines exhibited higher normalized 

intensity with increasing the oxygen flow, indicating that the formation of tungsten and tungsten 

oxide film was contributed by the frequent collision between oxygen radicals and tungsten electrode 

of atmospheric pressure plasma system.
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Fig. S 5. Impact dynamics and the trajectory of a water droplet on the SCWO-coated 

samples: (a) The side-view of selected high-speed images of the bouncing drop detached 

from the coated silicon surface after 10.2 ms. (b) The top-view images show that the water 

drop bounced off the surface with axial symmetry. (c) A series of images of water droplet 

rolling and (d) the corresponding trace which was calculated from the high-speed images on 

the curved PET film.
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Fig. S 6. Thermogravimetric analysis (TGA) of the SCWO-coated silicon wafer revealed that the 

major weight loss occurred within the range of 330  to 380  under oxygen atmosphere. ℃ ℃
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Fig. S 7. Thermogravimetric analysis (TGA) of FAS-17 indicated that the initial weight loss 

occurred at 76  and the weight underwent obviously drop at 139.7 . ℃ ℃
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Fig. S 8. (a) Sand abrasion test and (b) the particle size distribution of sand grains.
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Fig. S 9. The corresponding contact angles measured from the samples after the sand abrasion 

under different testing conditions. (a) Impact height: 30 cm, test duration: 30 sec, SCA: 160   2 ; ° ± °

(b) Impact height: 30 cm, test duration: 50 sec, SCA: 145.7   1.8 ; (c) Impact height: 60 cm, test ° ± °

duration: 30 sec, SCA: 148.5   2 ; (d) Impact height: 60 cm, test duration: 100 sec, SCA: 130.1  ° ± ° °

 2.1 .± °
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Videos:

 Video S1: Demonstration of the liquid-repellency toward glycerol.  

 Video S2: Demonstration of the transparent self-cleaning SCWO coating on glass substrate. 

 Video S3: Sand abrasion test on SCWO-coated glass. The impact height is 30 cm, and the 

weight of sand is 30 g. 

     The sand abrasion test which we conducted on SCWO-coated glass simulating the dynamic 

wears resulted by aerosol particles in outdoor environment, (Fig. S8a). The SCWO-coated glass 

was attached on a 45-degree slope7. The sand was composed of silica, which was purchased 

from a local vendor in Taiwan. The average grain size was 482.4 nm  118.4 nm measured ±

from 500 sand grains under optical microscope (Fig. S8b). Different quantities of sand (30 , 50 𝑔

, and 100 ) were poured in the sand container, respectively, and impinged the SCWO-coated 𝑔 𝑔

glass from heights of 30 cm and 60 cm (Table S4). The sand consuming rate was controlled at 

approximately 1 g/s and the impact energy of a sand grain was calculated as follows:

  Eimpact = 𝑚𝑠𝑔ℎ = 4/3𝜋𝜌𝑅3
𝑠𝑔ℎ

where  is the density of silica (  2 /cm3). g is the acceleration of gravity. Rs represents the 𝜌 ~ 𝑔

radius of sand grain ( 240 m), and h is defined as the impact height. The corresponding ~ 𝜇

energies of a sand grain impinging the surface of SCWO from 30 and 60 cm were determined 

to be 3.3  and 6.7  , respectively. × 10 ‒ 7 𝐽 × 10 ‒ 7 𝐽

     The corresponding contact angles after sand abrasion tests were measured, as shown in Fig. 

S9.When the total sand weight was controlled under 30 g, the SCWO-coated glass remained 

good superhydrophobicity and showed the sliding angle less than 5  toward water after sand °

impingement from 30 cm. The stalagmite-like protrusions modified with multilayer FAS 

molecules sustained the sand abrasion. According to the literature8, outdoor aerosol particles 

exhibited a wide range of diameters, ranging from nanometers to micrometers, whereas they 

hardly exceeded 10 m. Therefore, we selected 10 m as the reference diameter for 𝜇 𝑅𝐴 =  𝜇

calculating the corresponding velocity9 for aerosol particles under the lower limit of impact 

energy (Eimpact  3.3 ) as follows:= × 10 ‒ 7 𝐽

Eimpact 
2                                                                                                                            = 1/2𝑚𝐴𝑉𝐴

    250                                                                     
𝑉𝐴 = [(2 × 𝐸𝑖𝑚𝑝𝑎𝑐𝑡)

𝑚𝐴 ] = [ 2 × 𝐸𝑖𝑚𝑝𝑎𝑐𝑡

(4
3

𝜋𝑅𝐴3 × 𝜌)]
≅ 𝑘𝑚/ℎ

According to the sand abrasion results, we demonstrated that the SCWO coatings could be 
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suitable for superhydrophobic applications in both outdoor and indoor environment.
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 Video S4: After 30 g-sand-abrasion testing, SCWO-coated glass can still perform superior 

water-repellency and low sliding angle < 5 .°
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